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Allocation of Location-Based Orders to Mobile Agents 
Field of the invention 

The present invention relates to the allocation of location-based orders to mobile agents. 
5 The invention has particular application for mobile agents such as, for example, delivery 
vehicles, taxis, or repair services. 

Background Of The Invention 

When a customer requests the provision of a service from a mobile agent such as a taxi, a 
1 0 call can be made directly to a driver of a taxi, but more commonly, one will call an 

ordering service responsible for assigning orders to a number of taxis which subscribe to 
or are employed by the ordering service. 

Traditionally, such services have utilised a dispatcher who is responsible for matching 
1 5 orders to drivers by querying drivers as to their current location and/or destination, and 
using their knowledge of the geography and traffic conditions faced by the respective 
drivers, assigning the orders (for which the pick-up point and time are known from the 
responses of callers) to particular drivers. 

2 0 This system is however limited by the knowledge of the dispatcher and therefore subject 
to human error. In consequence, the resources of the service are not utilised to their 
maximum potential and users of the service (i.e. customers) do not have the best 
available service. 

2 5 Apart from taxi ordering services, the same types of problems are faced by other mobile 
agent assignment services. For example, if a number of repair personnel are available 
within a city to respond to requests to repair equipment, it is important to choose the 
most suitable person to respond to a request for repair services (which generally means 
the person who can first arrive at the location where the repair is required). 
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It is possible to add an element of automation by using global positioning system (GPS) 
information obtained from the customers and/or agents to determine the closest available 
agent to a current customer. However, the customer may not, at the time of the call be 
at the location where the service has been requested, and the agent closest to the 
5 customer at the time of the call may not be the most suitable agent to take the order, 
because the agent may be moving away from the caller or because the agent may not 
become free for a considerable time. 

The invention has as an object the provision of an improved method of assigning orders 
10 or tasks to mobile agents which make a better use of the available agents and which 
reduce the human error element of such assignments. 

It is therefore an object of the present invention to provide an improved method of 
assigning location-based orders to mobile agents, and to provide apparatus and computer 
1 5 program products for use in such applications. 

Summary of the Invention 

The invention provides a method of allocating an order which is location-related to one 
of a number of mobile agents. The method involves the following steps: 

2 0 a) holding current order details which identity at least the location and time 

at which each agent is expected to become free to fulfil new orders; 

b) keeping a listing of locations, where each location in the listing is 

prioritised for an agent according to the availability of the agent to reach 
that location after the agent becomes free; 

25 c) receiving a new order and recording the location and time at which this 

order is to be fulfilled; 



pg0137 5 . spc 



3 



d) deciding, based on the prioritised listing of locations, which agent(s) are 
most suitable to take the new order; and 

e) allocating the new order to the identified agent(s). 

By keeping track of the locations and times at which agents will be free, and by deciding 
5 in advance which locations each agent is best able to service, orders can be promptly 
processed and assigned to the most suitable agent. 

Thus, when an order is received, it is not necessary to query each agent in advance as to 
the final location of that agent and then arrive at a value judgement as to which agent will 
be able to reach the customer first. Instead, the location details of the order can simply 
10 be compared with the position of that location in the prioritised listing for each agent to 
identify the agent who can reach the customer eariiest. This improves customer service 
levels, and reduces the detailed local knowledge normally required for dispatching 
positions. 

The current order details can be stored separately for each agent in an individual current 
1 5 order file relating only to that agent. Alternatively one can maintain a combined current 
order file relating to a number of agents, with the location and time at which each agent 
will be free identified for each such agent. 

It is presently preferred to have individualised agent order files, as this enables the agent 
or a supervisor to access an agent's file and see at a glance the orders which are 
2 0 assigned. Each agent can have a profile in which the order details are kept and 
constantly updated. 

Similariy, one has the option of maintaining for each agent an individual prioritised 
location listing relating only to that agent, or alternatively, a combined prioritised 
location listing relating to a number of agents, with each location being prioritised for 
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one or more agents according to the ability of each such agent to reach each location 
after the agent becomes free. 

Again, it is preferred to have individualised files for each agent, since a simple 
computerised matching flmction can scan down through each agent's profile to select the 
aeent(s) having the highest priority rating for the locality where the new order is to be 
serviced. In a combined listing, the location of the new order can be looked up, and the 
priority ratings for the agents who will be free to service the order can be read directly. 

The method of the invention will preferably also involve updating the current order 
details for the identified suitable agent after the new order has been assigned to that 
agent, with a new first location and first time at which the agent is now expected to 
become free. 

This is preferably a dynamic process, with the current order files and the prioritised 
location listings being constantly updated as new orders come in. 

Depending on the degree of control which the service retains over the agents, the 
allocation of the order can be a single step, in which agents are simply told where to go 
next, or there can be a muhi-step process of: 

i) offering the order to the selected agent(s); and 

ii) receiving confirmation of acceptance of the order from the agent. 

The former may be more suitable for employees of e.g. a repair service, whereas the 
latter allows flexibility if agents have a degree of autonomy (e.g. many taxicab drivers 
subscribe to a radio dispatch service but wish to be free to take additional orders of their 
own initiative). 
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At a minimum the current order record identifies the location and time when an agent 
will be free, but preferably this will also include details of the locations and times relating 
to all current orders assigned to each agent. 

If an agent wishes to change the details in this file (e.g. if a repair job is taking longer 
5 than expected or a taxicab takes an order on the street), then there is a possibility for the 
agent in question to vary the stored details of current orders. 

Preferably, the priority of each location in the listing is identified by a time at which the 
agent is expected to be able to reach the location. This can be dynamically updated due 
to changes in circumstances (e.g. an agent is caught in traffic, or an earlier order takes 
1 0 longer than expected, leading to knock on delays). 

Alternatively, the priority of each location can be identified by a priority identifier 
calculated from (i) the distance between each location in the listing and the location 
where the agent currently expects to become free, and (ii) the time between the current 
time and the lime when it is expected that the agent will be free. 

1 5 Thus, an agent who is some time away from finishing all currently assigned orders will 

tend to have a lower priority rating for all locations in the listing. As time progresses and 
the agent nears completion, the priority ratings will all rise. Similarly, if the agent's final 
current destination is remote from some of the location listings but close to others, the 
priority for those remote locations will be lower than for the closer locations. 

2 0 The "distance" in the sense referred to above can be a true geographical distance. 

Alternatively, the "distance" may be a distance calculated in a non-linear representation 
of an area which includes the locations. Thus, while two streets might be in fact quite 
close to one another, a taxi dispatching service could plot these on a non-linear map as 
being quite far from one another if it was difficult to travel quickly fi-om one to the other 
25 due to street layouts or prevailing traffic conditions. An analogy of this is seen in the 
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representations of city underground systems which are often non-hnear. While two 
stations might be within walking distance overground, they might be very inaccessible to 
one another if they are on different lines, and the map viewed by the commuter will 
reflect this and show a long route between the two stations. 

5 The representation can be, for example, a grid of cells to which locations are mapped (so 
that a street address or building is classified as being in cell B-27 of the city grid, for 
example). It can equally be, a set of groups of locations (so that a database simply holds 
listings of adjacent locations, and classifies any address according to its grouped listing. 
Again, it could also be in the form of a mesh of elements, not necessarily in a regular 
1 0 pattern, to which locations are mapped. 

The method preferably includes, in addition to updating the current order details, the step 
of updating the prioritised listing for the agent to which an order has been allocated, to 
take account of the new location and new time at which the agent is now expected to 
become free. 

1 5 The time at which the agent is expected to become free may be calculated from a journey 
time file which records expected journey times between locations. This journey time file 
can be updated to take account of traffic or weather conditions, or indeed it can be built 
up over time based on real times taken for journeys by agents. 

For example, initial expected journey times can be input into the journey times file. One 
2 0 can then monitor journeys through the area using GPS equipment carried by the agents, 
and then vary the times based on average journeys. An administrator can add times to all 
journeys during rush hour, or this can be done automatically throughout the day. One 
can monitor traffic repons and assign traffic heaviness levels to various areas to vary 
journey times. The map of the area can be presented graphically to an administrator who 
25 assigns colours (green, orange red) to ascending levels of congestion in areas of the map. 
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following which the system will add assigned percentages to journey time through each 
colour coded area. 

Instead of or in addition to use of a journey times file, the expected time at which an 
agent is expected to be free can be input by an operator based on an expected journey 
5 time. This operator can be the agent to which the current order record relates. 

As indicated above, the step of maintaining the current order record may include 
providing access to an agent to the current order record to edit the order details. 

The current order file can also include details of an advance order, which includes an 
advance order location time at which the advance order is to be fulfilled, and step d) then 
1 0 includes the step of determining whether the agent is expected to be able to finish the 
new location-based order with sufficient time to fulfil the advance order. 

The invention also provides a method of operating a location-based ordering server for 
controlling orders in respect of a number of mobile agents. This method involves the 
steps of 

15 a) maintaining a current order record identifying for each agent a first 

location and first time at which the agent is expected to become free to 
fijlfil a new order; 

b) maintaining a listing of locations, with locations in the listing being 
prioritised for each agent according to the availability of the agent to 

2 0 reach each location after the agent becomes free; and 

c) updating the current order record and prioritised listing for an agent when 
a new order has been assigned to the agent resuhing in a new first 
location and first time being identified. 
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In a further aspect there is provided an ordering server for allocating location-based 
orders to a number of mobile agents associated with the server, the server including: 

a) a current order file storage area for maintaining a current order file which 
identifies for each agent a first location and first time at which the agent is 
expected to become free to fulfil a new order; 

b) a location priority listing storage area for maintaining a listing of 
locations, with locations in this listing being prioritised for each agent 
according to the availability of the agent to reach each location after the 
first time; 

c) an input interface for receiving a location-based order and recording the 
location and time at which the order is to be fijlfilled; 

d) a processor for determining from the prioritised listing a suitable agent to 
fulfil the order; and 

e) an output interface for allocating the order to the identified agent. 

The input interface can include an operator interface for an operator to input details 
received from an ordering party 

The input interface can also be a web server hosting a user interface via which ordering 
parties can input order details, a WAP server hosting a user interface via which ordering 
parties can input order details, an interactive voice response (IVR) unit via which a user 
can input order details, or an SMS gateway for receiving SMS messages containing 
order details. 

The server can further include a map database correlating real geographical locations 
with location identifiers for use in the current orders file and prioritised listing. 
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The server can also include a journey times calculator for calculating an expected journey 
time between two locations. 

The ordering server can also include an agent interface for an agent to access and edit 
the current orders file. The output interface from the server may also act as an input 
interface for the agent to connect to the server. 

The invention fijrther provides a communications network including an ordering server 
of the invention. 

In another aspect the invention provides an agent profile for use in allocating orders to a 
mobile agent, including: 

a) a current order file identifying a first location and first time at which the 
agent is expected to become free to fulfil a new order; and 

b) a prioritised listing of locations, with locations in the listing being 
prioritised according to the availability of the agent to reach each location 
after that first time. 

In an agent profile according to the invention, the current orders file may further include 
details of all orders currently assigned to the agent. 

These details may include a differentiation between current orders which are to be 
fulfilled immediately and advance orders. 

Preferably, the current orders file (and indeed the entire agent profile) will relate to a 
single agent only, but as outlined above, the profile may relate to several agents. 

Similarly, the prioritised locations listing will preferably relate to a single agent only. 



In yet another aspect, the invention provides a computer program product in machine 
readable form containing instructions which when executed cause an ordering server to: 

a) hold current order details which identify at least the location and time at 
which each agent is expected to become free to fiilfil new orders; 

b) keep a listing of locations, where each location in the listing is prioritised 
for an agent according to the availability of the agent to reach that 
location after the agent becomes free; 

c) receive a new order and recording the location and time at which this 
order is to be fulfilled; 

d) decide, based on the prioritised listing of locations, which agent(s) are 
most suitable to take the new order; and 

e) allocate the new order to the identified agent(s). 
Brief Description of Drawings 

The invention will now be illustrated by the following descriptions of embodiments 
thereof given by way of example only with reference to the accompanying drawings, in 
which; 

Fig. ] is a depiction of a grid of locations, illustrating journeys to be made within 
said grid; 

Figs. 2A and 2B are current order files for two taxis showing details of the 
journeys in Fig. 1; 



Fig. 3 is a more detailed depiction of the grid of Fig. 1; 
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Fig. 4 is a partial illustration of the information stored in a journey times file, for 
use in the method of the invention; 

Figs. 5 A and 5B are skillset files based on the journeys depicted in Fig. ] 

5 

Fig. 6 is a more detailed and updated current orders file, corresponding to that of 
Fig. 2A; 

Fig. 7 is an architecture of a system including a call server according to the 
1 0 invention; 

Fig. 8 is a depiction of a mesh of elements used with the server shown in Fig. 7; 
and 

1 5 Fig. 9 is a flowchart illustrating the operation of a computer program product 

according to the invention. 

Detailed Description of Preferred Embodiments 

2 0 The invention can be implemented by, for example, a taxi ordering service dividing its 
area of operation into a grid, shown in Fig. 1, of adjoining hexagons forming a 
"honeycomb" pattern. 

For the purposes of illustration assume that two cars are active in the grid at the time an 
2 5 order is taken. A caller to the taxi ordering service is located at point A. When the 

caller at A requests a taxi, a first taxi (referred to below as taxi No. 1) is at point B, on a 
journey to point C. A second taxi (taxi No. 2) at this point in time is at point D, on a 
journey to point E. 
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For the purposes of simplicity it is assumed the taxis can travel in any one of six 
directions along the grid. Each cell is adjoined by six nearest neighbours. The lines 
joining the centre of any cell and the respective centre of each of its nearest neighbours 
define the six permitted directions of travel. 

5 

Thus, taxi No. 1 travelling from B to C changes direction at point F (though it could 
travel via F'). Taxi No. 2 travelling from D to E travels via cell G (or G'). Assuming a 
one minute journey time from any cell to a nearest neighbour cell, the time taken to 
travel the route from B to F to C is ten minutes. The time taken to travel from D to E is 
10 8 minutes. 

Of course, the situation as shown in Fig. 1 is a highly simplified representation of the 
movements of taxis within a city. In reality, the journey time expected between any pair 
of cells is unlikely to be constant, and the freedom of movement will vary depending on 

1 5 street geography, if a cell pattern such as that shown in Fig. 1 is mapped geographically 
directly onto a city map. One is more likely to have an irregular cell pattern with 
different journey times to each neighbouring cell, and these journey times may be varied 
according to time of day or traffic conditions. Some of these complications will be dealt 
with below after describing the application of the invention in this simplified 

2 0 environment. 

The taxi ordering service tracks the progress of orders using call centre software. Each 
taxi is treated as an agent of the call centre, and for each agent there is a "current orders 
file", examples of which are shown in Figs. 2A and 2B. Fig. 2A shows the current 
2 5 orders file for the first taxi and Fig. 2B shows the current order file for the second taxi 
Each taxi has only one order at the time that the call is received from the caller in cell A. 
If the call is received at 1 1 .00 a.m., it can be seen that the first taxi is expected to arrive 
at its destination (C) at 11.10, and the second taxi is due to arrive at destination E at 
11.08. 

30 
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The start position shown in the current orders file for each taxi can be either the position 
at which the journey originally started, or the current position, based on current or 
updated location information received from the taxi. Accordingly, an individual taxi can 
update the call centre on its current position, and the software extrapolates from this the 
5 expected time at destination, allowing the current orders files to be dynamically updated. 

It will be appreciated that whereas the call centre application works on the assumption 
that the cell-to-cell journey time is uniform, this can be varied in more sophisticated 
embodiments to take account of real life situations, where different journey times can be 
1 0 expected between different neighbouring cells. Rather than making the assumption of a 
set journey time between cells, the drivers could input an estimated time of arrival (ETA) 
at the destination of a journey. 

When an order is received from a caller for a taxi at a particular geographical location, 
1 5 the operator receiving the call inputs the address into the software and a database returns 
the identity of the cell in which this address is located. The operator will also obtain 
details of the intended destination of the caller. In the case of the caller in cell A, the 
destination required is located in cell H (Fig. 1). The caller also specifies when the taxi is 
required, which in this case is as soon as possible. From this information an order file is 
2 0 generated (which may also include the caller's name, phone number, account or payment 
details, etc.) 

It can be seen from Fig. 1 that the destination of the taxi No. ] (cell C) is closer to cell A 
than the destination of taxi No. 2 (cell E). However, Figs. 2A and 2B show that the 

2 5 second taxi will become free before the first taxi. The call centre software must make a 

decision as to which taxi should be assigned the order to bring the caller fi-om cell A to 
cell H. The manner in which this is achieved can be explained with reference to Fig. 3. 

Fig. 3 shows a representation of the grid, as maintained by the call centre. Rather than 

3 0 using letters to identify the cells, each cell is actually numbered in a logical fashion with a 
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3 digit identifier, as shown for cells in the upper left hand corner. Thus, cells are 
numbered consecutively in vertical columns, the first column beginning 001, 002, 003,... 
and so on, with the second column continuing with 016, 017, 018, etc. 

5 The current order files will in fact store the positional information using these cell 

numbers, and therefore rather than the respective positions B, C, D, E shown in Figs. 2A 
and 2B, the cell identifiers 065, 165, 115 and 239, respectively, will be maintained in the 
current order files for the two taxis mentioned above. 

1 0 The journey time between any two cells is determined with reference to a "journey time 
file" which takes the form of an n x n two-dimensional matrix. In the case of the grid 
shown in Figs. 1 and 3, there are 248 cells and thus a 248 x 248 matrix is used. Fig. 4 
shows a small proportion of the entries in this matrix. The column and row headings 
refer to cells within the grid, and the cross-referenced entries show the journey time (in 

1 5 minutes) between any two cells. Thus, the expected journey time between cell 003 and 

cell 005 is two minutes. Similarly, the expected journey time from cell 048 to cell 004 is 

4 minutes. 

The journey time file allows one to read the expected journey time between any pair of 

2 0 cells. This can be fixed, or it can be varied to take account of weather, traffic conditions, 

past journey times, or major disruptions to traffic flows. The file can be dynamically 
updated by a background system which monitors agents' positions using GPS 
transmitters in agents' vehicles. The background system notes fi-om the current orders 
files whether the agent is currently travelling, and if so, it notes the time to travel from 

2 5 cell to cell, and uses average times calculated in this way to modify the journey times file. 

As a final point to note in relation to the journey time file, in the simplified embodiment 
shown, h is assumed that the time taken to travel in both directions between a pair of 
cells is the same. This need not necessarily be the case, and the journey time file can be 

3 0 modified to take account of journey times in each direction. (For example, if a journey in 
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one direction allowed a straight journey along a one way street but the reverse journey 
required a detour due to one-way systems, then the outward and return journeys might 
be different). 

5 Reverting to the example of caller A (in cell 117), it will be recalled that the software 
must arrive at a determination as to which taxi is best equipped to take the order. Each 
taxi has a dynamically updated skillset file, shown in Fig. 5. The skillset file is a 
prioritised listing of the cells which the taxi is best able to service. 

1 0 Referring to the skillset for taxi No. 1, in Fig. 5A, it is clear that the most suitable orders 
for this taxi are orders beginning in cell 1 65, where the current journey terminates. The 
taxi will be free in cell 1 65 at 11.10. The software generates and updates the skillset 
entries for the various cells based on: the destination at which the taxi will become free 
(determined from its current order file), the time at which the taxi will be free at that 

1 5 location (again from the current order file), and the journey time information from that 
destination cell to all other cells (from the journey time file). 

Every time the current order file for taxi No. 1 is updated with a new final destination at 
which the taxi will be free or a new ETA, the journey times from that destination point to 

2 0 all other destinations are retrieved from the journey time file and added to the ETA, to 
generate a listing as shown in Fig. 5A. Thus, this skillset file shows that for the nearest 
neighbour cells to cell 165 (i.e. 149, 150, 164, 166, 180, 181), the taxi can be available in 
any one of those cells at 11.11. Proceeding down through the file, the time expected to 
reach cell 1 33 is 11.12, and for cell 1 1 7 (where caller A has requested a taxi) the skillset 

25 entry shows that the taxi can service an order in that cell, based on current information, 
at 11.13. 

Referring to Fig. 5B, the second taxi is expected to be free in cell 239 at 11 .07. In the 
four neighbouring cells, it would be available at 1 1 .08. If it were to travel back to cell 
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11 7 to service the order of the caller, it could pass through cell 133 at 1 1 . 1 3, and then 
turn diagonally upwards on its shortest route to cell 1 1 7, reaching it at 11 . 1 6. 

Every other taxi (if there are more than two taxis) will similarly have a skillset file which 
5 is being dynamically updated with every change in final destination and any changes to 
the time at which the taxi is expected to be free at its final destination. Thus, for each 
skillset file there will be an entry for cell 117, and the software determines that the taxi 
best served to service the order of the caller is the taxi which has the earliest time slot for 
cell 117. In the present case, taxi No. 1 can meet the caller two minutes before taxi No. 
10 2, and therefore the order is assigned to taxi No. 1 . Taxi No. 1 may be given the 
opportunity to accept or refijse the order, or it may simply be instructed to take the 
order, depending on the degree of control of the ordering service over its taxis. 

Once the order is assigned (and accepted, if appropriate) the current orders file for taxi 
1 5 No. 1 is updated. The caller is informed of the time at which the taxi can be expected, 

and the taxi driver is informed of this next order, which can be transmitted to the taxi and 
displayed on a display device in the taxi cab. The updated current orders file for taxi No. 
1 is shown in Fig. 6. Rather than using the letters b, c, etc. to identify cells as in Figs. 2A 
and 2B, the current orders file shown in Fig. 6 uses the same cell reference numbers 
2 0 which the software uses to distinguish cells in the grid. (In practice, the current orders 
file will also include the actual street address and name of the caller, or will include a 
reference to the order number, which allows the driver to access the fijll order details). 

As seen in Fig. 6, when the order of the caller is assigned to the first taxi, two new 
25 entries in that current orders file are generated. Firstly, there is the journey from the 

drop-olf point 165 to the new pickup point 1 17, with the taxi being expected to arrive at 
cell ] 1 7 at 1 1 . 1 3 as described above. Then, the taxi is expected to travel from cell 1 1 7 
to cell 072 in a journey time of 3 minutes, so it is expected to be free at cell 072 at the 
time 11.16. 
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Once this current orders file has been updated, the skillset for taxi No. 1 is dynamically 
updated also, to show the availability of the taxi for all of the other cells beginning with 
cell 072 at 11.16, its six nearest neighbours at 11.17, and so on. The new entry for cell 
117 after this first order has been accepted would be 11.19. This is the time at which the 
5 taxi would be able to take the original caller from cell 1 1 7 to cell 072, and return to cell 
1 17 to service a second order at that location. 

From a consideration of the above it can be seen that if two callers were to order taxis in 
cell 1 17 at 11 .00, travelling to different destinations, the first caller would be assigned to 

1 0 taxi No. 1, as described above. The second caller would, however, be assigned to taxi 
No. 2 (which can reach cell 1 1 7 at 11.16), rather than waiting for taxi No. 1 to return to 
cell 1 1 7 at 1 1 . 1 9. If, however, the second taxi has already taken another order when a 
second call arrives from cell 117, the likelihood is that the first taxi will be judged (fi-om 
the updated skillsets of both taxis) to be in the best position to service the second order 

15 from cell 117. 

The current orders file in Fig. 6 shows a later order, which has not yet been discussed. It 
is often the case that taxis are booked in advance for a particular time. An example 
would be where a caller wishes to catch an early morning flight and books a taxi on the 

2 0 previous evening. In the present case, taxi No. 1 has been assigned an advance order to 
collect a passenger in cell 019 at 14.00 and dehver them to cell 177. While one can see 
that there is no difficulty in the taxi fijifilling the order of the caller to travel from cell 117 
to cell 072, and still leave ample time to fialfil this advance order, the invention provides a 
means of determining whether a taxi can fulfil a new order in the light of any advance 

25 orders which may have been assigned to that taxi. 

A column in the table of Fig. 6 contains a flag for the "last current order" (LCO). The 
LCO is simply the order following which the agent expects to become fi-ee. It can be 
seen that the first three rows in the current orders file of taxi No. 1 are current orders. 



pf 04 634 . spc 



18 



with the taxi expected to complete these orders as soon as possible. However, the next 
order is identified as "advance" by the letter "A" in the LCO column. 

This advance flag causes the call server software to determine, when any new order is 
5 being assigned to the taxi, whether the taxi can fulfil that new order and subsequently 
travel to the start position of the advance order in time to meet that order. Thus, in the 
present case, the system, before accepting the order to travel from 117 to 072, would 
calculate the time to travel from cell 072 to cell 019 for the advance order, provided that 
the time for this journey is less than the difference between the ETA at cell 072 and the 
1 0 pick-up time (14.00) at cell 019, the order can be accepted. Otherwise, the new order 
would be assigned to another taxi so that taxi No. 1 can meet the existing advance order. 

The system Avill therefore keep assigning orders to the most suitable taxi until it is 
determined that by assigning an order to a particular taxi an advance order for that taxi 
1 5 cannot be fijlfilled. In such a case, the order is instead assigned to the next most suitable 
taxi, and so on. A point may be reached where none of the taxis is available to take an 
order until after advance orders have been fulfilled, and the caller will be alerted 
accordingly. 

2 0 If the order has to be assigned to another taxi, this indicates that taxi No. 1 is 

approaching the point where it will be required to travel directly from the destination of 
the LCO to the advance order, and the flags in the LCO column can be changed at this 
point to designate the advance order as the new LCO. 

2 5 Having now described the method of the invention with reference to a simplified grid 

structure used to control taxi orders, a more sophisticated system will be described in 
greater detail. 

Referring now to Fig. 7, the preferred embodiment of the invention comprises an 

3 0 ordering server 10 running call server software such as Symposium from Nortel 
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Networks Corporation of Montreal, Canada. The ordering server is adapted to receive 
customer requests for a mobile service provided by any one of a number of mobile 
agents. 

In a conventional call center, customer requests enter via the pubhc-switched telephone 
5 network (PSTN), usually via a Private Branch Exchange (PBX), such as a Meridian 1 
(from Nortel Networks Corporation of Montreal, Canada), to an automatic call 
distributor (ACD) providing the control mechanism, such as the Symposium Call Center 
Server (from Nortel Networks Corporation of Montreal, Canada). An ACD is 
telecommunications software used in a digital computer that automatically answers calls, 
1 0 queues calls, distributes calls to agents, and plays delay announcements. U.S. Patent No. 
4,451,705 discloses a known type of ACD and is incorporated herein by reference. 

Interactive Voice Response (IVR) units may be connected to the ACD allowing 
additional information to be collected from a caller about the nature of the call and skills 
an agent may be required to have in order to properly service the call. The caller can be 
1 5 asked a series of questions, and the responses, either spoken or Dual Tone Muhi- 

Frequency (DTMF) inputs from a key pad, can be used to provide additional information 
to the ACD allowing the call to be routed to an agent who is suhed to respond to the 
caller. 

2 0 At a conventional call center server, certain skills may be grouped into skillsets and the 
skillsets internally assigned an electronic identifier. The identifier may then be 
electronically assigned to an agent having the skills that define the skillset. Skill-Based 
Routing (SBR) allows call routing based on criteria such as service requirements of a call 
and the skills of available agents. 

25 

For example, in a computer technical support helpline, skillset identifiers would indicate 
familiarity with different products, operating systems, hardware versus software 
knowledge, levels of seniority, etc. This would allow the server to quickly identify an 
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agent of supervisor level familiar with software conflicts arising with product X when run 
on operating system Y. 

In the present case, the call is not routed to an agent, but is instead taken as an order 
which is assigned to an agent. Suitability of agent is dependent on location and time of 
5 availability. Thus, the skillset identifiers will be location-based and will assign a priority 
or degree of suitability of an agent based on the time at which an order can be serviced at 
a particular location. Other factors may also be called into play such as the suitability of 
the taxi for a wheelchair user, or the ability of a repair person to deal with a particular 
problem. 

10 

A customer may establish contact with the ordering server from a client 12 by any 
number of media. In one case the client device is a conventional phone and the user, via a 
voice connection over the PSTN, provides order information by interacting with an IVR 
application 20 as described above. Alternatively, any other technique such as an Internet 

1 5 (TCP/TP) connection where order information is provided from a client device either 

through interaction with a web server application 22 or by simply sending an e-mail to a 
mail server 24 can be used. Furthermore order information can be sent in a Short 
Message Service (SMS) message from a conventional mobile phone via an SMS gateway 
26 or from a mobile WAP device via a WAP gateway 28 or from an 1-mode based client 

2 0 device. 

In any case order information for a mobile service at the very least will include a 
geographical location at which the service is to be provided. In some cases, for example, 
where the ordering server is supporting a taxi service, both a source location and a 
25 destination location is provided. In other cases, for example, where the ordering server is 
receiving orders for the delivery of goods or a service such as a repair service, only a 
single location may be provided. 
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In the preferred embodiment, locations are provided by customers as street addresses 
and the ordering server is cooperable with a database 14 which converts a street address 
provided to the database to an identifier corresponding to a call server skillset. 

5 This may be done by any number of means, for example, the database 14 could include a 
plurality of groups of street names, each group having a group identifier. When a 
location, provided by a customer in the form of an exact street address, is received by the 
ordering server 10, it queries the database based on the street name included in the 
address and this returns a group identifier if a street name matching the query street 
1 0 name is found within the group. Long streets may be broken up into sections and house 
numbers can thus be supplied in the database query to distinguish sections of streets 
which may traverse more than one group. As will be explained later, it is also preferable 
in this embodiment to associate whh each group identifier a list of identifiers of groups of 
neighbouring streets. 

15 

As will also be explained later, intelligent grouping of streets can assist in optimising the 
operation of the invention. So, for example, in areas where h is known that agents can 
move rapidly, large numbers of adjacent streets can be associated with the same 
identifier. In areas, such as city centres, where agents move more slowly, single streets or 

2 0 even sections of streets can be associated with a given identifier. The grouping of streets 

is preferably such that the variation in time to move fi-om any location with a group of 
streets to any other location in the group of streets is less than any other variations such 
as the average length of time taken by a taxi ride or the average length of time required 
to perform a service at a location 

25 

Where this form of database 14 is used, a simple user interface can be provided to enable 
an administrator to create/amend/delete groups and to define neighbouring groups. 

In an ahernative, an area across which services are being provided is divided into a 

3 0 regular grid of hexagonal, rectangular, or other cells each having a skillset identifier (as 
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described in the previous embodiment). The ordering server translates the location 
provided by a customer into an x,y location using either a proprietary or commercially 
available map database 14', and the database maps the x,y location to a cell of the grid, 
so returning an identifier. It will be seen that the map database 14' can be stored locally 
5 or may in fact be accessed via an Internet connection. In this case, it is easy to determine 
neighbouring cells, however, if a regular grid is used some other parameter will in 
practice be associated with each cell if traveling rates within different cells are to be 
differentiated. Again, a user interface application can be provided to enable an 
administrator to adjust, for example, the grid resolution and cell traveling rates. 

10 

In the preferred embodiment under discussion, however, the area across which services 
are being provided is divided into a mesh 14" of elements, each having a skillset 
identifier. In the present example, the elements comprise rectangles and triangles, and an 
example of such a mesh is shown in Fig. 8. This type of mesh can be thought of as an 
1 5 irregular grid, and is analogous to the grid of Figs. 1 and 3. 

The data structures required to define and traverse such a mesh are varied but in any case 
are well known. They include storing a list of the vertices comprising each element, 
usually in a pre-determined order clockwise or anti-clockwise, with each vertex pair, 
2 0 (n,n+l mod n+1) where 0 < n < 2 or 3, defining an edge of an element. Thus, given an 
x,y location and an element identifier, simple trigonometry can be used to determine if 
the x,y location lies inside an element by testing if the x,y location lies to a given side of 
each edge of an element. 

25 A set of neighbour elements is usually stored for each element, so that in the example of 
Figure 3, element A has neighbour elements B, C, D and E. Thus, if a location x,y is 
provided, the mesh is traversed beginning at a predetermined element, in this case 
element F. When comparing the x,y location to edge 3, the x,y location is determined to 
be outside element F. The neighbouring element D is then tested until at edge 8, the x,y 

30 location is determined to be outside this element. Regardless, of whether neighbour 
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element A or B is tested next, element A will ultimately be returned as the element 
including the x,y location. In this way, a map x,y location, or a latitude/longitude 
position derived from GPS data, can be placed in a mesh element. 

5 In this variation, large size elements such as element F can be used for areas where 
agents travel relatively rapidly, whereas smaller sized cells, such as the triangular 
elements C, H and 1 can be used where agents travel more slowly. Again a mesh 
definition interface 16 is provided to enable an administrator to define the mesh 14". This 
preferably works in conjunction with the map database 14', so that the mesh can be 
1 0 superimposed over a map enabling accurate definition of the mesh with respect to traffic 
routes. 

In the preferred embodiment, a profile of each agent is kept on the ordering server 10 
(Fig. 7). The profile includes for each agent, a current orders file, as described in relation 
15 to the first embodiment, having list of any orders being serviced by the agent including, 
for each order an agent has accepted, the location(s) at which the service is provided, the 
estimated time at which the agent will be free as well as any other details provided in the 
order information. 

2 0 A pointer to an agent's last current order (LCO) is also maintained for each current 

order file. This is because, in the preferred embodiment, order information can specify, in 
a number of variations, a time at which a customer wishes to receive a service. In a first 
variation, the customer simply wishes the service to be performed as soon as possible. 
When an agent accepts such an order, a start and an end time for the provision of the 

2 5 service will be provided to the customer based on the estimated time to complete the 

agent's previous LCO and travel to the new location. The LCO is then updated to point 
at the new order, whh the system assuming that the agent will move from completing the 
previous LCO to the updated LCO. 
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In a second variation, the customer specifies a time before which they need the service to 
begin or complete. When the agent best positioned to service the order is identified, the 
estimated time to complete the agent's current LCO is compared with the customer 
provided time. If the estimated time and/or the estimated time plus the time taken to 
5 complete the service is after the customer specified time, the customer is advised that 

their order cannot be serviced, so allowing them either to specify a later time, or as in the 
first variation to leave the request open and to allow an agent to return with an earliest 
time at which the service can be provided. 

10 In a third variation, the customer may wish to book a service several hours or days 

ahead. Such a request is not allocated to agents based on their availability following their 
LCO. Rather, the request is broadcast, as explained below, to one or more agents who 
may wish to receive such orders. When an agent accepts the order, it is added to their 
order list, but their LCO pointer is not updated. 

15 

The agent may thus continue to accept orders based on their LCO, until a point at which 
the location and estimated time to complete a service at the location of the LCO mean 
the agent can no longer accept orders prior to their pre-booked order. At this point the 
LCO pointer is advanced to point at the pre-booked order, and the agent's availability is 
2 0 determined accordingly. 

Turning now to the second aspect of an agent's profile, Symposium fi-om Nortel 
Networks provides an application program interface (API) to enable changing of an 
agent's skillset/priorities. In the preferred embodiment, one or more skillset identifiers 
2 5 corresponding to either a group of streets, a grid cell or a mesh element and preferably 
either its neighbours or all other groups/cells/mesh elements, as well as a priority 
associated with each skillset identifier are maintained as attributes of a mobile agent's 
skillset file. 
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Thus, where an agent is for example a taxi, the sldllset file for the agent in the present 
embodiment stores the skillset identifier corresponding to a destination address and a 
priority for that identifier based on the difference between a current time and the 
estimated time to arrive at the address of the new order, as previously described. 

5 

Where an agent is performing a service at a location, for example, repairing a machine, 
then the skillset file for the agent will store the skillset identifier corresponding to the 
location and a priority based on the difference between a current time and an estimated 
time at which the service at the LCO location will finish. 

10 

The ordering server periodically issues an API command to change an agent's skillset 
file. As the estimated time for the agent's LCO approaches, the priority of that agent 
within the skillset is increased, again through the API. 

1 5 Thus, when an agent accepts another (non pre-booked) order, the agent's skillset file is 
updated based on the location of their new LCO. As indicated above, the agent's skillset 
file may also include skillsets for neighboring grids at a lower priority. Thus, if an agent's 
last current order is to provide a service at location or to a destination location in 
element A, Fig. 8, and expects to complete the service at that location at time Tl, then at 

2 0 time TO (where TO is before Tl), the agent will have a given priority PI associated with 
the identifier of element A. The agent can also be allocated a skillset and priority of P2 
where say P2 = PI / 2 for each of the neighbouring skillset identifiers corresponding with 
elements B, C, D and E. Similariy, the agent can be allocated a skillset and priority of P3 
where say P3 = PI / 3 for each of the next neighbouring skillset identifiers corresponding 

2 5 with elements F, G, H, I etc. 

Referring now to Fig. 9 and the operation of the preferred embodiment of the invention, 
on receiving order information fi-om a customer, step 30, usually some acknowledgment 
is provided preferably confirming the details provided by the customer, step 32. If the 

3 0 customer has provided return contact details in the order information, for example, a 
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phone number or an e-mail address, the customer can then disconnect or log-off from the 
ordering server while the server attempts to locate a mobile agent to provide the service 
by comparing the order information with the skillset files of the agents, step 34. 

5 Thus, orders are routed to agents having a skillset identifier matching a skillset identifier 
associated with the location at which a service is to be provided for the order. Where the 
service is, for example, a taxi service the skillset identifier for the order will correspond 
with the source location; whereas where only a single location is specified, the skillset 
identifier will correspond with this location. This can result in the server identifying as 
1 0 suitable all agents having a skillset identifier matching the order information, or only the 
agent with the highest skillset priority for the order location. The customer may stay on- 
line while the server locates the agent. If there are no agents matching this skillset 
identifier for the order, the order is offered to all idle agents - that is agents with no 
outstanding orders in their order list. 

15 

It will also be seen that orders may be offered to more than one agent - either based on 
that agent having the appropriate skillset or having a priority greater than a threshold for 
the skillset. In this case, orders may be offered to agents in sequence, until an agent 
accepts, or they may be offered in parallel, and withdrawn as soon as one agent accepts. 

20 

When an agent completes all outstanding orders and as such becomes idle, the ordering 
server can on the one hand remove all the skillset identifiers from that agent's skillset file 
after a pre- determined period of time, assuming that the agent has left the last location. If 
the agent is then actively seeking orders they can if they wish connect to the server using 
2 5 any media available to the clients of Fig. 7, and through either suitable JA/R, WAP or 
web applications provide their current location. This location is then translated to a 
skillset identifier and, as the agent is fi-ee, allocated a highest priority for that identifier. 
Thus, only busy agents who are either on their way to the vicinity of a given location or 
idle agents in the same area as the location of an incoming order are notified of the order. 

30 
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It will also be seen that as well as adjusting a skillset, the agent can also connect to the 
ordering server 10, again by any of the above described media, to directly view / accept / 
cancel orders in the agent's order list. 

5 In the preferred embodiment, agents are equipped with WAP enabled phones, enabling 
orders to be pushed out to agents who are most likely to be able to service an order. It 
will be seen, however, that the invention is not limited to WAP and that there are 
different ways of notifying an agent of an incoming order, for example, the ordering 
message could send a Short Message Service (SMS) message through the SMS gateway 
10 26 (Fig. 7) which may also be used to receive client order information. It will also be 
seen that while it is advantageous to asynchronously push orders out to agents, the 
invention is not so limited, and could equally be implemented by having agents 
periodically poll the server 1 0 to determine if new orders are available. 

1 5 Nonetheless, in the preferred embodiment, the WAP Push Access Protocol (PAP) and 
Push Over-The-Air (OTA) Protocols are used by the ordering server to notify agents of 
incoming orders. The Push Access Protocol is used to send order information between 
the Ordering Server 10 and a Push Proxy Gateway 18. The Push OTA Protocol is then 
used for sending order information between the Push Proxy Gateway 18 and agents. 

20 

In the preferred embodiment, step 36, the order information is pushed to the identified 
agent (it is assumed that one agent has been identified here as having the highest priority 
for the location of the order). The pushed order information comprises an update of an 
agent's existing order list i.e. h contains all orders on the list and updated status for each 

2 5 order, including the new order. 

The agent through interaction with an application running on the agent device, can then 
accept a new order or change the status of existing orders, step 38. Each order is 
associated with a flag, with orders that have not been accepted being unflagged. Orders 

3 0 that are accepted by the agent are flagged as 'owned' by the agent and, in the case where 
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orders are simultaneously sent to more than one agent, orders flagged by one agent are 
removed from any other agent's list. (Again PAP/PPG and Push OTA can be used to 
send any updated lists to agents who will then not have the option to accept the order.) 

5 The agent can thus change the state of any order by flagging or unflagging it. Where 
orders are sent to agents in sequence, an order left unflagged for a fixed amount of time 
is routed to the next suited agent (based on skillset and priority). 

In the preferred embodiment, on flagging an order, a combination of server and agent are 
1 0 used to specify an estimated time for completing the service. Where the agent is 

providing a taxi service, the time for picking up a customer at the source location can be 
initially set by the server 10 in the pushed order list, as the estimated time to arrive at the 
destination location of the LCO plus an estimate of traveling time across the groups, cells 
or mesh elements that separate the destination location of the LCO from the source 
1 5 location of the new order which will if accepted become the LCO. 

If the new order is in fact a pre-booked order, the time for picking up the customer or 
beginning a service will be that supplied by the customer. The agent may then provide an 
estimate of the time to complete the service. In the case of a taxi service, this requires 

2 0 estimating the time to travel from the source to destination location of the new order - 
and this may again be pre-calculated by the server 1 0 based on any combination of the 
distance between the source and destination and the number of groups, cells or mesh 
elements separating the source and destination. In the case of say a repair service, the 
time to complete the service is a simple estimate of the time to provide the service at the 

2 5 location, and this again may be pre-calculated or pre-allocated by the server 10. 

In any case, it is always possible in the current embodiment for the agent to subsequently 
change a flag, by connecting to the server, preferably using a one button call, and to be 
presented, preferably as a home page, with their order list. The agent accepts / declines / 
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views orders in the list and may also alter order times, following which the agent logs 
off. 

Once the order is accepted i.e. an agent has assumed ownership and provided the 
5 required times, step 38, the accepted order is processed by the server which makes any 
further necessary changes to the agent's order list in the light of the agent's actions in 
updating the list or estimating times, step 40. 

The server also opens the agent' s skillset file, step 42, to update the skillset priorities in 
1 0 the light of the new LCO. The skillset files will similarly be updated as time progresses 
to change priority ratings, and are also updated whenever any agent actively changes his 
or her order files, e.g. by sending in new estimated arrival times at the destination of the 
LCO. 

1 5 The customer can then be notified of the estimated time for fulfillment of the order, step 
44, by using the contact information originally supplied with the order. The order can 
subsequently be tracked by the customer who may view or listen to the progress of the 
order by reconnecting to server and, for example, entering an order number or their 
name before being supplied with the order information. Alternatively, if the customer 

2 0 remains connected to the server, he or she could be notified directly of the acceptance of 
the order and they could continue to track the order at will. 

It will be seen that while the invention has been described in terms of agents using 
conventional WAP cellphones, the invention is equally adaptable to take into account 

2 5 improvements in mobile devices. For example, GSM phones are becoming available with 

GPS fianctionality built in Parthus, of Dublin, Ireland have announced a new product, 
NavStream (Trade Mark) which is a single chip GPS designed to be integrated into 
cellular handsets - see http://www.parthus.com/ and these could be used to provide 
improved tracking resolution of agents, and thus more accurate updating of current order 

3 0 files and skillset files. 
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The invention is not limited to the embodiments described herein which may be varied 
without departing from the spirit of the invention. 



